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OBJECTIVES
This work address the fault tolerance topic in the GPS con-
text. Starting from a noiseless GPS receiver, redundant mech-
anisms can be added to design a more resilient GPS receiver
in the presence of errors due to process, voltage and tempera-
ture (PVT) variations [1]. These mechanisms are based on dif-
ferent layer of abstraction to guarantee a mutual trade-off of
system performance (quality of the position given by the GPS
receiver), hardware reliability and implementation complex-
ity. An Application-specific integrated circuit (ASIC) will be
designed with two versions of the GPS receiver: the standard
version, and a complex version where fault tolerant techniques
are added to make the GPS receiver more tolerant to errors.
INTRODUCTION
• There is continual motivation to reduce power consumption and extend battery life of mobile devices.
• Power consumption and device lifetime can be improved by operating at minimal supply voltage, which increases the likelihood
of momentary/persistent faults.
• GPS satellite signals are made of three components: spreading code, carrier and navigation message.
• Tracking GPS satellite signals evolves three main process:
– GPS receivers use, Numerically controlled oscillators (NCO), to produce a local copy of the carrier of incoming satellite
signals. Moreover, copies of spreading codes of GPS satellites are produced, locally, by two 10-stage LFSR (Linear feedback
shift register) modules, designated G1 and G2.
– A correlation function is computed every 10 ms between local signals and incoming signals. A maximum correlation
output is achieved when the two signals are time aligned.
– Two feedback loops are used to update the local generated signals over time, since satellites are in continuous motion and
the receiver is also dynamic. Each loop is made of discriminators and filters.
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Top Level of the simplified tracking channel module; Error tolerance has been already studied in
components with warning marks at the output. The corresponding proposed techniques are presented
and evaluated in papers beside each mark.
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A classic method with recent improvements [2–4] where
all registers, taps and sum operations are triplicated. A
majority voter is placed between each set of registers
and operators. This method fails if a double-fault oc-
curs in any column.
Due to the cyclic nature of the LFSR, voting can be ap-
plied at only one location. All errors are eventually
shifted through the voter. This new method, named
One-Column TMR, fails if multiple faults accumulate
in the same column prior to arrival at the voter.
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A simpler method is achieved by using a single-
parity check code. As with the ECC method, an
independent parity LFSR is produced by com-
puting the parity over all bits in a column. In
addition, a parity bit is added into each row by
modifying the LFSR structure:
Error Correction Codes (ECC)
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Based on a general method for encoding multiple LF-
SRs [5], the G1 LFSRs are arranged in a matrix where
each row is an LFSR. Columns are encoded using a
(7, 4) Hamming code, yielding three parity bits in each
column. The parity rows now constitute independent
LFSRs with the same taps as the original G1 registers.
To correct errors, a syndrome decoder is placed after
each column. This method is able to correct a single
error in each column. The full ECC method can be sim-
plified by using a decoder in only one column. All er-
rors eventually pass through the decoder and may be
corrected.
Evaluation: Mean Time to Failure (MTTF)
Each method will fail under a variety of fault patterns.
Since the GPS Gold sequences have a period of 1023,
the LFSRs can be reset to a known state each period.
Hence reliable function is needed for at least 1023
clock cycles. MTTF was solved for each method us-
ing the analytical techniques described in [6]. Logic
synthesis was done to express complexity in terms of
equivalent NAND gates for each case.
Results
60 80 100 120 140 160 180 200 220 240
102
103
104
Complexity (NAND equivalent)
M
TT
F
Unprotected
Parity
Hamming
Hamming (one col.)
TMR (one col.)
TMR
10−5 10−4 10−3 10−2
100
101
102
103
104
105
106
107
Probability of an upset in one flip flop
M
TT
F
Unprotected
Parity
Hamming (one col.)
TMR
TMR (one col.)
Hamming
The best choice depends on the technology’s up-
set probability: For high upset probability, the
full Hamming or TMR method may be necessary
to achieve an acceptable MTTF. For a moderate
upset probability, the the Hamming (one col.)
method provides the required MTTF, and reduces
gate complexity by 42% compared to TMR.
RELIABLE CARRIER DISCRIMINATOR
• Tuning the carrier filter bandwidth
yields to an important improvement
in the robustness of GPS tracking
loops against faults in the carrier dis-
criminator computation.
• With 40 % of upset errors, the error
in the position between the noiseless
and the noisy GPS receiver, σX(p),
does not exceed 2m while the refer-
ence GPS receiver does not support
more than 6 % of errors [7]. 10
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DESCRIPTION OF THE SIMULATION PLATFORM
The GPS receiver algorithm was first designed with the MATLAB high level software. Then, an implementation of the GPS receiver
algorithm is done for an FPGA target to explore low level performances compared to the high level Matlab performances. The
implemented platform can be split into three main parts:
• User interface: This represents the space from where the FPGA is controlled.
The interface is written by MATLAB software. Functionality given by the user
interface are: Program the FPGA with new codes, launch simulations, plot
results, display position of a GPS receiver over time using Google Earth soft-
ware...
• Signal source file: Signal received from more than 4 GPS satellites, over a
significant period of time, are stored in a file. This file is added then in the
memory of an FPGA to replace a real-time receiving process of a GPS receiver.
• FPGA target: this part will contain the hardware description of the acquisition
and the tracking algorithms for a GPS receiver. It contains also a micro-blaze
that manage the communication between the user interface and the hardware
description of the GPS receiver.
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